The xylyl-bicyclam AMD 3100 was initially developed for potential use in the treatment of HIV, but the development was discontinued due to the lack of oral availability and problems of cardiac disturbances.
1−3 Instead, the development has been focused on the possible use of mobilizing hematopoeietic stem cells for transplantation. 3 The cyclam and bicyclam show enhanced anti-HIV activity in metal complexes compared to those of free macrocycles. 4, 5 It has been understood that the entry of HIV into cells by binding to the CXCR4 coreceptor is blocked by the metal complexes of macrocycles. The binding sites as well as the type of interactions between the CXCR4 coreceptor and macrocycles are well characterized. 5, 6 Although the metal complexes of macrocycles can show various configurations, the CXCR4 coreceptor recognizes the specific configurations and binds selectively to them. 5 For instance, one of the metallocyclam units in the metalloxylyl-bicyclam is folded with Cis-V configuration, where the carboxylate groups (Asp 262 and Glu 288) of CXCR4 interact by coordination bond as well as hydrogen bonds. Another metallocyclam in the metalloxylyl-bicyclam takes a Trans-I configuration and the aspartate carboxylate (Asp 171) group of CXCR4 coreceptor is implicated in the binding site. Therefore, the understanding of the nature of interactions between specific metallocyclam configurations and carboxylate groups on a biological target is crucial for the development of potential anti-HIV drugs. Especially, the Cis-V, Cis-I, and Trans-I configurations of folded metallocyclams are a major concern for the development of potential anti-HIV agent. Nevertheless, isolation and characterization of metal cyclam complexes bearing folded cyclams are sparse (Scheme 1). 7−9 In this context, investigations on expanding such examples of unusual configurations of metallocyclams are greatly required. Herein, we report two cadmium(II) complexes
in which the cadmium(II) cyclams exhibit folded Cis-V (S,S,S,S) (in 1) and Cis-V (R,R,R,R) (in 2) configurations, respectively.
EXPERIMENTAL

Materials and Methods
All chemicals except solvents were purchased from Aldrich, and were used without further purification. Distilled water was used for all procedures. Infrared spectra of solid samples were recorded on a Perkin-Elmer Spectrum X spectrophotometer between 4000 cm −1 and 400 cm 
Color blocks of 2 were prepared according to a similar procedure described in the synthesis of 1 using K 
X-ray Crystallography
X-ray data were collected on a Nonius Kappa CCD diffractometer, using graphite monochromated Mo Kα radiation (λ = 0.71073Å). A combination of 1º φ and ω (with κ offsets) scans were used to collect sufficient data. The data frames were integrated and scaled using the Denzo-SMN package.
11 The structures were solved and refined using the SHELXTL\PC V6.1 package.
12 Refinement was performed by full-matrix least squares on F 2 , using all data (negative intensities included). For 1 and 2, O5W was refined as a solvent water molecule. The O atom lies on a twofold rotation axis and the H atoms are not visible. The H atoms are most likely disordered and have not been included in the refinement but are included in the molecular formula. For 1 and 2, hydrogen atoms were included in calculated positions. Crystal data and refinement details for 1 and 2 are listed in Table 1 . Chungsik Jang and Ju Chang Kim
RESULTS AND DISCUSSION
Description of Structures
The dimeric structure of 1, as illustrated in Fig. 1 , consists of two cadmium(II) cyclam units and two bridging molybdate ligands. Each molybdate ligand bridges cadmium(II) cyclams in monodentate fashion. The coordination environment around the cadmium(II) ion can be described as a distorted octahedron with four Cd−N and two Cd−O bonds, where the bond distances are Cd−N = 2.312(6), 2.344(5), 2.337(5), 2.325(6) Å and Cd−O = 2.310(4), 2.271(4) Å. The Cd−N and Cd−O distances are comparable to those found in the folded cadmium(II) cyclam complex. 7 The Mo−O bond distances of 1.773(4), 1.747(5), 1.758(4), 1.748(4) are observed in 1. A list of selected bond distances and angles is given in Table 2 . Since the macrocycle in the cadmium(II) cyclam unit is folded, one of the oxygen atoms from the molybdate ligand occupies an axial position and the other one resides on the equatorial position in the distorted octahedron. The configuration of four nitrogen atoms in 1 shows a Cis-V (S,S,S,S) configuration. The isolation and the understanding of metal cyclams bearing the Cis-V (S,S,S,S) configuration are important to design and develop the drugs exhibiting anti-HIV activity. 5 It has been reported that one of the zinc cyclam unit in the Zn 2 -AMD 3100 complex is folded, showing the Cis-V configuration.
9 Under such configuration, the carboxylate group of aspartate residue of CXCR4 coreceptor effectively interacts by covalent bond as well as hydrogen bonds. Two factors are believed to affect the configuration in the metallocyclam. One is the metal ion radius of metal ion which is coordinated to a cyclam and the other is the nature of an additional ligand involving in the coordination to the metallocyclam. The most stable Trans III (S,S,R,R) configuration is commonly observed in many cases. 13 However, other configurations such as Trans-I (R,S,R,S), Cis-I (R,S,R,S), and Cis-V (S,S,S,S) are rarely found in the metal complexes of cyclam in the solid state.
7−9,13 The solid state structures of folded cadmium(II) cyclam complexes with Cis-I configuration have also been reported. 7−9 The present molybdate bridged cadmium cyclam dimer 1 is another type of a folded cadmium(II) cyclam, but the configuration is Cis-V. The difference between the Cis-I and Cis-V configuration is that all four hydrogen atoms on nitrogen atoms point to the same direction in the Cis-I configuration, whereas two of the four hydrogen atoms on nitrogen atoms face the opposite directions in the Cis-V configuration. In the structure 2, two cadmium cyclam units are linked by bridging of two tungstate ligands, forming a dimer (Fig. 2 ). The complex also shows a folded cadmium cyclam unit with a Cis-V configuration. But, interestingly enough the absolute configuration of four nitrogen atoms in 2 are all inverse compared to those found in 1, resulting in Cis-V (R,R,R,R) configuration. The selective isolation of Cis-V (R,R,R,R) is unexpected, and it is under current investigation for the possible presence and isolation of a Cis-V (S,S,S,S) enantiomer. A list of selected bond distances, angles and hydrogen bonds for complexes 2 is given in Table 3 . The dimeric complexes 1 and 2 extend their structures in the solid state by hydrogen bonds to form 2D supramolecules, respectively (Figs. 3 and 4) .
Analytical, Spectroscopic and Thermal Properties
The microanalytical results for 1and 2 were consistent with the structures determined by X-ray diffraction methods. In conclusion, by the reaction of Cd(cyclam)(ClO 4 ) 2 and oxometallate ligands, two new cadmium(II) cyclam dimers 1 and 2 in which each cadmium(II) cyclam unit shows a folded structure. Both complexes show a Cis-V configuration. However, the absolute configuration of nitrogen atoms is different from each other, showing (S,S,S,S) in 1 and (R,R,R,R) in 2. The identification of folded macrocycles in 1 and 2 by the interactions between cadmium(II) cyclams and bridg- Chungsik Jang and Ju Chang Kim ing oxometallate lignads may provide insights into the design and development of macrocyclic metal complexes in potential anti-HIV agents.
